Metal-ion-mediated allosteric triggering of yeast pyruvate kinase. 2. A multidimensional thermodynamic linked-function analysis.
A role has been proposed for the free divalent metal in triggering the allosteric responses of yeast pyruvate kinase based upon a kinetic linked-function analysis [Mesecar, A. D., & Nowak, T. (1997a) (preceding paper in this series)]. The major conclusion from the analysis is that the allosteric activator, fructose 1,6-diphosphate (FDP), does not directly communicate with the substrate, phosphoenolpyruvate (PEP), at the active site of the enzyme: it is Mn2+ that mediates the allosteric communication between the PEP and FDP sites in an allosteric relay mechanism. Assumptions were necessary to treat kinetic parameters as thermodynamic parameters, and the presence of the substrate ADP was necessary for the kinetic analysis. In this study, the influence of FDP on the interactions of PEP and Mn2+ and the influence of PEP and Mn2+ on the interaction of FDP with YPK were measured, where possible, by direct binding methods in the absence of ADP. Direct binding data were then subjected to a thermodynamic linked-function analysis for a heterotropic, three ligand coupled system in order to ascertain the two and three ligand coupling free energies. The two ligand coupling free energies deltaG(Mn-PEP), deltaG(Mn-FDP), and deltaG(PEP-FDP) are -3.88, -1.09, and -0.22 kcal/mol, respectively. These values indicate that positive, heterotropic interactions exist between each of these ligand pairs. The three ligand coupling free energy term, deltaG(Mn-PEP-FDP), indicates that simultaneous binding of Mn2+, PEP, and FDP is considerably favored over the sum of their independent binding free energies by -6.6 kcal/mol. These results demonstrate the key role of the metal in the modulation of ligand binding and are consistent with the values and the relationships of the kinetic parameters obtained from the kinetic linked-function analysis.